Purpose The objective of our study was to determine if trophectoderm biopsy, vitrification, array-comparative genomic hybridization and single thawed euploid embryo transfer (STEET) can reduce multiple gestations and yield high pregnancy and low miscarriage rates. Methods We performed a retrospective observational study comparing single thawed euploid embryo to routine age matched in vitro fertilization (IVF) patients that underwent blastocyst transfer from 2008 to 2011 and to our best prognosis group donor oocyte recipients (Donor). Our main outcome measures were implantation rate, clinical pregnancy rate, spontaneous abortion rate and multiple gestation rate. Results The STEET group had a significantly higher implantation rate (58 %, 53/91) than the routine IVF group (39 %, 237/613) while the Donor group (57 %, 387/684) had a similar implantation rate. The clinical pregnancy rates were not statistically different between the STEET and IVF groups. However, the multiple gestation rate was significantly lower in the STEET group (STEET 2 % versus IVF 34 %, Donor 47 %).
Introduction
While in vitro fertilization (IVF) has provided thousands of people with success, IVF outcomes are still not ideal. The ultimate goal is to provide patients with one healthy child in a cost effective manner while avoiding the heartache of pregnancy loss. This is quite a tremendous and difficult goal for all age groups. Firstly, despite many advances in IVF in the past thirty years such as intracytoplasmic injection (ICSI) [26] , extended embryo culture [8, 9] , embryo biopsy and preimplantation genetic diagnosis (PGD) [10, 12] , the pregnancy rate in fresh IVF cycles nationally in 2010 was only 42 % in those under 35 years of age (often referred to as a good prognosis group). In addition, while a miscarriage is devastating for all women, having a loss after IVF is even more upsetting and time consuming. On the other end of the spectrum is the complication of multiple gestations. Multiple gestations are associated with costs to society [4] and couples via neonatal intensive care unit hospitalizations, increased risks of cerebral palsy [15] , preterm delivery and death [27, 38] . Even though the multiple gestation rate and high order multiple rates are declining nationally they still pose a serious threat. Although elective single embryo transfer (SET) has been shown to have equivalent pregnancy outcomes to cycles where more than one embryo is transferred [22, 33] , a majority of providers still fail to perform SET [16, 36] . The obvious answer to reduce the multiple gestation rate (MGR) is to transfer one embryo at a time but this puts tremendous pressure on the embryologists and physician to choose the best embryo for transfer.
Much of our failures in IVF such as pregnancy loss and decreased implantation rates can be explained by aneuploidy [2, 3, 40] . In addition, embryo morphology cannot be used exclusively to reliably choose the best embryos for transfer as aneuploid embryos are capable of achieving high morphologic scores, and poor morphology does not exclude euploidy [1, 20, 23, 24] . While it makes logical sense that directly identifying the ploidy status of an embryo would improve pregnancy rates and decrease miscarriage rates, initial studies for PGD using fluorescence in situ hybridization (FISH) did not demonstrate a benefit to screening the embryos before transfer [6] . FISH was limited in its ability to screen more than 12 chromosomes and later found to be inconsistent with a poor negative predictive value [25, 34] .
Recent technologies are showing significantly more promise [13, 29, 32] . Comprehensive chromosomal screening (CCS) provides a benefit of examining all 23 pairs of chromosomes using comparative genomic hybridization. [5, 11, 14, 28, 30, 31, 35, 39] In addition, trophectoderm (TE) biopsy allows for more cells to be analyzed at a time when less mosaicism exists and the embryo sustains less irreparable damage [21, 25, 37] . So far, one randomized controlled trial and many other observational studies have demonstrated an increase in implantation rates, clinical pregnancy rates and decreased spontaneous abortion rates [28, 31, 41] .
The objective of our study was to compare outcomes of our single thawed euploid embryo transfer population (STEET group) to an age-matched routine IVF population (IVF) and to our best prognosis group, donor recipient population (Donor).
Materials and methods
This retrospective study reviewed all patients that underwent STEET from November 2010 to June 2012. These patients chose to undergo TE biopsy due to various reasons such as aneuploidy screening (due to a history of recurrent pregnancy loss or infertility or advanced maternal age), single gene defects, family balancing, or known parental translocation. Oocyte recipients (5 during this time period) were excluded from the analysis. The STEET group was compared to age matched controls (3:1) who had a blastocyst fresh transfer during routine IVF cycles from 2008 to 2010. In addition, the STEET group was then compared to donor recipients that underwent a fresh blastocyst transfer from 2008 to 2010. Each patient's ovarian stimulation protocol was individualized to achieve adequate numbers of mature oocytes at retrieval and at times the providers were more aggressive than patients undergoing conventional IVF. When lead follicles reached a mean diameter of 17-18 mm, 10,000 IU of hCG was administered intramuscularly and ∼35 h later, oocytes were collected by ultrasound guided, transvaginal aspiration. Oocytes were isolated from follicular fluid and immediately placed in 75-uL droplets of human tubal fluid (HTF Irvine, Ca) supplemented with 6 % Plasmanate (Pittsburgh, PA) overlaid with Sage mineral oil. Partner's sperm was collected on day of retrieval and washed. Oocytes were inseminated at 4-6 hours post retrieval or intracytoplasmic sperm injection was performed when indicated by severe male factor, history of poor fertilization, or for single gene defects PGD. Fertilization was assessed 18 h post insemination or ICSI by visualization of two pronuclei (2pn). Embryos were incubated and monitored on day 3 for blastomere number, symmetry, degree of fragmentation, and overall quality. The decision to culture to day 5 was based on the quantity and quality of embryos on day 3 for the Donor group and the IVF group. [9] All of the patients in the IVF and Donor group had an excess number of good quality embryos available for transfer (generally > 3 embryos), so embryo culture was continued until day 5 and blastocyst transfer performed. Embryos were graded on day 5 using the Gardner criteria [7] .
For both the IVF and Donor group, the best-quality embryos based on morphology were chosen for embryo transfer regardless of fertilization method used, and the number of blastocysts for transfer was decided collaboratively with the embryologist, physician and patient in accordance with American Society of Reproductive Medicine guidelines. The remaining good-quality blastocysts were cryopreserved on day 5 or 6 according to protocol. [18] STEET protocol For patients that had elected to have TE biopsy, a hole was made in the zona pellucida on day 3 of embryo development using a Cronus laser (Research Instruments, Falmouth, United Kingdom) to allow hatching. Resultant embryos were cultured to day 5 and any embryos not suitable on day 5 for biopsy were cultured to day 6. On the day of biopsy (day 5 or 6), TE biopsy was performed and a piece of the extruded trophectoderm was isolated and cut using laser. The biopsied cells were placed in Eppendorf tubes, frozen in dry ice, and then transported to Reprogenetics for PGS analysis once all of the biopsies were performed. This analysis was performed using the method described in Gutierrez, Mateo et al. without modification. [11] Embryos were then cryopreserved using vitrification. Embryos were then cryopreserved using vitrification. Embryos were first equilibrated in media containing the lowest concentration of cryoprotectants (7.5 % ethylene glycol [EG] and 7.5 % dimethyl sulfoxide [DMSO]) to achieve the first level of dehydration. They were then placed in vitrification solution with cryoprotectants (15 % EG and 15 % DMSO). Embryos were then loaded onto Cryolock (Cummings, GA) and immediately plunged directly into liquid nitrogen.
The STEET group then underwent a thaw cycle utilizing sequential oral estradiol supplemented by intramuscular progesterone after the endometrial stripe achieved a ring pattern and was greater than 7 mm. An appropriately timed thaw and ultrasound guided embryo transfer was performed with a single euploid blastocyst.
Statistical analyses
The main outcome measures included implantation (IR), clinical pregnancy (CPR) and live birth or ongoing pregnancy (LBR/OPR) rates per transfer. The IR was calculated as the number of intrauterine gestational sacs visualized on ultrasound per total number of embryos transferred. A clinical pregnancy was defined as the presence of an intrauterine gestational sac(s) with fetal cardiac activity as documented by ultrasound. A spontaneous abortion (SAB) was considered as a loss less than 20 week and the SAB rate (SABR) was calculated as the number of SABs per pregnancies with at least one intrauterine sac on ultrasound. The multiple gestation rate (MGR) was calculated per clinical pregnancy. The LBR per transfer was calculated for the IVF and Donor groups but an ongoing pregnancy rate (OPR, pregnancies into the second trimester per transfer) was used for the STEET group. For statistical analysis, t-test was used to compare baseline characteristics and Chisquare to compare outcomes between the groups. Our retrospective study was approved for exemption by the New York University School of Medicine Institutional Review Board, and no investigators declared a conflict of interest.
Results

STEET group
During that time period, there were 91 single embryo transfers from 78 patients that underwent an oocyte retrieval followed by TE biopsy, vitrification, array-comparative genomic hybridization analysis, and embryo thaw. Most patients (69) had a single transfer but seven patients had two transfers and two patients had three transfers (all from the single egg retrieval) during this time period. There were also two patients that had 2 retrievals during this time period. The average age of the patients was 37.2±4.0 (range 22-43). The reasons the patients elected TE biopsy included aneuploidy screening (n = 58), family balancing (n=16), single gene defect (n=13) and parental translocation (n=4). The pregnancy rates for each group were as follows: aneuploidy screening 50 %, family balancing 62 %, single gene defect 62 % and parental translocation 75 %.
From the 80 retrievals there were 545 blastocysts that underwent biopsy (range of number of embryos for biopsy was 1-26, avg. 6.8±4.8) and 242 were normal (44.4 %). The percent of euploid embryos decreased with age (<35-56 %, 35-37 yo −56 %, 38-40 yo −40 %, 41-42 yo −34 %, 43yo −43 %). There were 37 STEETs performed where there were no other euploid embryos for transfer and 54 STEETs where there were other euploid embryos for transfer. There was no difference in pregnancy rate between the two groups (57 % in those with remaining euploid embryos versus 51 %). Pregnancy was achieved in those with anywhere from 1 to 26 embryos for biopsy. There were 4 SABs in the STEET group. Two of the SABs underwent dilation and curettage with chromosome analysis and euploidy and gender were confirmed (46, XY in both cases).
IVF group comparison
In the IVF group there were 273 age-matched controls and Table 1 describes the cycle characteristics between the groups and cycle outcomes. While there were significantly more oocytes retrieved and 2pns on average in the STEET group, the ovarian reserve did not differ between the two groups. In addition, the range of oocytes retrieved and 2pns in the STEET group (6-42 oocytes, 3-34 2 pns) was similar to the IVF group (4-49 oocytes, 3-29 2 pns). Also of note, significantly more embryos were transferred in the routine IVF group (range 1-6). The IR per transfer is significantly higher in STEET than routine IVF while the SABR and MGR were significantly lower. There was one monozygotic twin pregnancy in the STEET group, 43 twin pregnancies and 3 triplet pregnancies in the IVF group. Outcomes were stratified by age in Table 2 . STEET improved the IR for both those under and over 35. For those under the age of 35, STEET offers the same CPR, SABR, and LBR per transfer without the increased risk of a multiple gestation (56 % of clinical pregnancies in this group). For those over 35, STEET provides not only the benefit of a decreased MGR but also of a decreased SABR.
Donor group comparison
There were 355 donor recipients that underwent blastocyst transfers from 2008 to 2010. The characteristics and outcomes can be found in Table 3 . Yet again, there were significantly more embryos transferred in the Donor group (range 1-3) while the donor oocyte age was significantly younger than the STEET group. There was no difference in IR per transfer when comparing STEET to the Donor group and the CPR per transfer was higher in the Donor group but the MGR was also significantly higher. There were 108 twin pregnancies and 4 triplet pregnancies in this group.
Discussion
STEET clearly has many advantages. The same IVF CPR can be achieved with one euploid embryo. We believe that the IR is a better outcome measure as the main goal is for a single embryo to implant. While the CPR and LBR appear comparable to routine IVF and Donor, it comes at a price with increased multiple gestations and higher miscarriage rate in some. With STEET, triplets will be virtually eliminated. It is important to note that these are pregnancies per transfer and not retrieval. The STEET CPR per retrieval is approximately 66 % in those that had at least one euploid embryo. Performing SET will possibly lead to more transfer cycles but again less twins and triplets.
We were able to demonstrate a SABR in women over 35 similar to the SABR in those under 35 or donor recipients. Replacing known euploid embryos will help to avoid the cost, time and heartache of a miscarriage. Larger numbers may be needed to reveal this benefit in the younger patients if it exists. The pregnancy rate was the same whether the patient had more euploid embryos available or not, a characteristic typically used to predict a better prognosis. Knowing ploidy status before transfer may be more beneficial than having more embryos available and will avoid storage of aneuploid embryos. In addition, recent literature suggests that there may be neonatal benefits to embryo transfer into an unstimulated uterus. [17] SET are also offered typically in young, good prognosis patients but clearly those 35 and over are still at risk of multiple gestations. More embryos are typically transferred STEET is not for all patients. Patients that are eligible for STEET need to have embryos for biopsy and at least one euploid embryo for transfer. During the same time period we had 22 cycles where there was no euploid embryos available for transfer. While this may seem disappointing at first, it does save time, cost, patient progesterone injections, and heartache that would otherwise be involved if no biopsy had been done and the patient ended up with a negative pregnancy test or pregnancy loss. A more frustrating situation involves cancellation as we had 13 patients that had nothing for biopsy on day 5 or 6. In these patients it is not known if any of their embryos were euploid or not. It should be noted that if we calculated the CPR including patients that did not have embryos for biopsy and embryos for transfer it would 36 % per retrieval. Patients need to be aware, as they would with routine IVF, that there is the possibility that they would have nothing available for transfer.
The study has several limitations. Its retrospective nature allows for inherent selection bias. In fact, many of the STEET patients had previous IVF failures or repeated miscarriage with IVF. While these results may be extrapolated to a large population of patients undergoing TE biopsy for a variety of reason, there is the potential for confounders in patients that elect to undergo TE biopsy.
Comprehensive chromosome screening of blastocysts may finally alleviate some of the negative outcomes associated with IVF such as SABs and multiple gestations. This study confirms that knowing the ploidy status of an embryo leads to the same CPR and LBR as routine IVF patients while decreasing the MGR and SABR. Chromosomal status is a better predictor of success than morphology assessment and thus a better method for single embryo selection. More prospective and randomized studies are needed to verify these findings but STEET may be the best tool providers have so far to help meet the ultimate goal of one healthy infant at a time.
